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Field of the TTivffnt1>T1 
This invention relates to ferroelectric thin film processes, ferroelectric memory 
device structures and integrated processes for ferroelectric non-volatile memory devices, and 
specifically to a method of depositing a ferroelectric material onto an indium-containing electrode 
without the need subsequently to etch the ferroelectric material. 

Background of th^. T^v^^tjr^t^ 
Metal/FE/In203/Si or Metal/FE/oxide/InPj/Si memory cells for one-transistor 
ferroelectric memory devices are desirable because they have a long memory retention time. For 
. small devices and high-density applications, the integration process induced damages, such as. 
etching damage, results in retention, endurance, imprint, etc., problems. Therefore, reducing the 
damage is a critical issue for FeRAM memory devices. 

Summary of fhft TnvCTfi^^ 
A method of selectively depositing a ferroelectric thin fihn on an indium-containing 
substrate in a ferroelectric device includes preparing a silicon substrate; depositing an indium- 
containing thin film on the substrate; patterning the indium containing thin film; annealing the 
structure; selectively depositing a ferroelectric layer by MOCVD; annealing the structure; and 
completing the ferroelectric device. 

It is an object of the invention to provide a selective deposition technique for 
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ferroelectric thin films, such as C-axis Pb5Ge30i, (PGO) thin fibns, on In^Os/Si, ^203/8102 or 
high-k oxide/Si, to improve the properties of FeRAM ferroelectric memory devices. 

Another object of the invention is to provide a method of depositing a ferroelectric 
on an indium-containing thin film without the need for subsequent etching of the ferroelectric 
material. 

This summary and objectives of the invention are provided to enable quick 
comprehension of the nature of the invention. A more thorough understanding of the invention 
may be obtained by reference to the following detailed description of the preferred embodiment of 
the invention in connection with the drawings. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of the method of the invention. 

Fig. 2 is an x-ray pattern of PGO thin fihn deposited by the method of the 

invention. 

Figs. 3 and 4 are microphotographs of selectively deposited PGO on an InjOj/Si 

substrate. 

Detailed Description of the Preferred E mbodiments 
The invention is a method of selective deposition of ferroelectric thin fibns on 
indium-containing thin films, such as InjOj thin film, which does not require subsequent etching, 
which results in improved properties of the fabricated FeRAM devices. The selective growth 
method of die invention of ferroelectric thin films, such as Pb5Ge30„ (PGO) thin films, on an 
indium-containing electrode, such as In203/Si, InjOs/SiOj, or high-k oxide/Si, improves the 
properties of FeRAM ferroelectric memory devices by providing a larger memory window, e.g., ^ 
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2 V, and by providing a larger memory retention time. The method of the invention ehminates the 
need to etch the ferroelectric material, and, as a result, etching-induced damage is avoided. 
Because of the selective deposition of ferroelectric thin fihns on patterned InjOj/Si, IniOj/SiOz, or 
high-k oxide/Si, rather than on a field oxide layer, any alignment problems are also resolved. 

Substrates used in the demonstrated method of the invention for PGO MFS device 
fabrication are P-type silicon wafers. The steps of the metiiod of the invention are as follows, and 
are depicted generally at 10 in Fig, 1 : 

A silicon (100) wafer is prepared, block 12, according to state-of-the-art 
techniques, and may include, in one embodiment of the method of the invention, formation of an 
oxide layer on tiie substi-ate. A high-k oxidQ layer, such as HfO, ZrO, AljOj, LajOj, and alloys of 
the same, may be formed on the silicon substirate. A thin film, e.g., a layer having a thickness of 
between about 10 nm and 2 ^m, of InzOj is deposited, block 14, on silicon, SiOz, or high-k oxide- 
on-silicon. 

The In203 is patterned using an etching process, block 16. The following etching 
process of the method of tiie invention is used for patterning and etching InzOj without excessively 
over etching an underlying SiOz layer. The InjOj thin fihn, which is deposited on a SiOj layer, is 
coated witii photoresist, and pattemed by photolithography, and developed. After the patterned 
InjOj thin film is placed in an etching chamber, the chamber pressure is maintained in a range of 
between about 3 mtorr. to 1 5 mtorr, witii the best results being obtained at a pressure of about 6 
mtorr. Etching chemicals, including BCl, delivered at a flow rate of between about 10 seem to 60 
seem, witii the best results being obtained at a flow rate of about 30 seem, and CI witii a flow rate 
of between about 20 seem to 100 seem, with the best results being obtained at a flow rate of about 
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60 seem, are delivered into the etehing ehamber. The Tcp RF plasma of about 350 W and a Bias 
RF plasma of about 150 W is generated, keeping the backward plasma smaller than 1%. 
Depending on the thickness of the In203 film, and the etching rates listed on Table 2, die etching 
time is controlled to avoid over etching. This is because In and InjOj each have a higher etching 
rate than does SiOj when the etching method of the invention is used. 



Items 


BCl (seem) 


CI (seem) 


TepRFCW) 


Bias RF (W) 


Pressure 
(mtorr) 


Parameters 


30 


60 


350 


150 


6 



Table 1 Chemistry and Etching Parameters 



Items 


In 


ln,0, 


SiO, 


Etching rates 
(nm/minute) 


100 


80 


60 



Table 2 Etching rates for In, InzOj and SiOj thin films 
A silica dioxide trench structure may be used for patterning the indium-containing 



thin film. The structure is annealed in an oxygen atmosphere, block 18, at between about 400''C to 
800°C for between about 5 minutes to 50 minutes. This step may be carried out in situ in a 
MOCVD reactor prior to PGO thin fibn deposition. Selective deposition of the ferroelectric is 
still possible without this step, however, the quality of the faroelectric film is lower than if this 
step is included. 

A ferroelectric thin film, such as c-axis oriented PbjGejO,, (PGO), is deposited by 
MOCVD in a MOCVD reactor in a selective deposition step, block 20, on the patterned indium- 
containing thin fibn. The ferroelectric thin film is annealed, block 22, at a temperature of between 
about 500''C to 600''C for between about five minutes to six minutes in an oxygen atmosphere. 
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The device is then completed, block 24. 

P type silicon (100) wafers are used as the substrates for InjOj thin film deposition. 
For a InjOj thin fihn deposited on silicon, the silicon wafer is dipped in HF (50:1) for 5 seconds 
prior to deposition of the InjOj thin film. For a InjOj thin film deposited on SiO,, the silicon wafer 
has SiOj layer deposited by CVD, which SiOj layer has a thickness of about 200 nm prior to 
deposition of In203. DC sputtering is used to deposit a indium-containing layer using an indium 
target. Deposition of a InjOj thin film including depositing the thin fihn on a substrate at a 
deposition temperature of between about 20°C to SOO^'C; at a pressure of between about 1 torr to 10 
torr; at an oxygen partial pressure of between about 0% to 60%, depending on which films, e.g., 
indium or InO^, is to be deposited. The DC sputtering power is set to between about 200 W to 300 
W, and the backward power is maintained to be smaller than 1%. The substrate temperatures is 
maintained at between about 20°C to 200''C. After deposition of an InO^ thin fihns, the post- 
annealing step is performed at a temperature of between about 400°C to 800°C for between about 5 
minutes to 60 minutes in an oxygen atmosphere. The parameters are varied according to the 
desired resistance requirements of the memory device being fabricated according to the method of 
the invention. 

In the case of a ferroelectric thin film deposited on an indium-containing layer, the 
deposition is performed at a temperature of between about 500°C to 560°C; a pressure of between 
about 1 torr to 10 torr; an oxygen partial pressure of between about 30% to 50%; a vaporizer 
temperature of between about 1 80°C to 200^C; a vaporizer pressure of between about 30 torr. to 
50 torr.; and a solution delivery rate of between about 0.02 ml/min to 0.2 ml/min. The deposition 
time is between about 1 hour to 3 hours, depending on the desired film thickness. The structure is 
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annealed at a temperature of between about SOO^'C to SSO^'C for between about 5 minutes to 30 
minutes in an oxygen atmosphere, depending on the c-axis orientation of the ferroelectric layer. 

The MOCVD selective deposition step includes preparation of a ferroelectric 
precursor solution, which, in the preferred embodiment, is [Pb(thd)2] and [Ge(ET0)4], where thd is 
C11HJ9O2 and ETO is OC2H5, having a molar ratio of between about 5 to 5.5:3, which is dissolved 
in a mixed solvent of butyl ether or tetrahydrofuran {8}, isopropanol {2} and tetraglyme (1 } in the 
molar ratio of about 8:2: 1 . The precursor solution has a concentration of 0. 1 M/L of PGO. 

A single step deposition process includes injection the PGO precursor into a 
vaporizer of the MOCVD reactor at a temperature of between about 150*'C to 240*'C by a pump at 
a rate of between about 0.02 ml/min to 0.2 ml/min to form the precursor gas. The feed line is kept 
at a temperature of between about 150^C to 245 °C during MOCVD. 

A two step deposition process includes a nucleation step, using a deposition 
temperature of between about 500 °C to 560 °C for between about 5 minutes to 20 minutes, 
followed by a second, growth step which includes selective PGO deposition at a deposition 
temperature of between about 500°C to 560°C; a deposition reactor pressure of between about 1 
torr. to 10 torr.; an oxygen partial pressure of between about 30% - 50%; a vaporizer temperature 
of between about 200*^0 to 240''C; a precursor solution delivery rate of between about 0.1 ml/min- 
0.2 ml/min; a deposition time of between about 1 hour to 3 hours, depending on desired film 
thickness; an annealing temperature of between about 500**C to 560''C; and an annealing time of 
between about 5 minutes to 30 minutes in an oxygen atmosphere. 
Experimental Results 

The phases of the films were identified using x-ray diffraction. The microstructures 
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are measured by microscope. Fig. 2 depicts the x-ray pattern of a PGO thin film deposited 
according to tiie method of the invention. Results are similar regardless of whether the PGO ii 
deposited on In^j/Si, InjOj/SiOz, or high-k oxide on silicon. As is shown in the figure, an 
extremely high c-axis oriented PGO thin film is obtained. 

Because the large differences between the deposition rates of PGO grown on 



InjOj/Si to PGO grown on SiOz, as shown in the Table 3, PGO may be selectively deposited 
InjOj more efficiently than on SiO^ according to the method of the invention. 





Deposition rates (nm/hour) 


Crystallization 


PGO on In^Oj 


200 - 300 


Oriented crystallized fihn 


PGOonSiOz 


1-5 


Amorphous film 



Table 3. Deposition Rates of PGO Grown on InjOj and SiOj 
Figs. 3 and 4 are microphotographs of selective deposition of PGO thin films on 
InjOj. These figures confirm that a PGO thin film has been selectively deposited on In^O^ and riot 
on the surrounding SiOj. 

Thus, a method for MOCVD selective deposition of ferroelectric thin films on 



indium-containing substrates has been disclosed. It will be appreciated that further variations and 
modifications thereof may be made within the scope of the invention as defined in the appended 
claims. 
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